The article discusses recent advances and future challenges in innovation studies. First, it separately considers four main strands of research, studying innovation at the organizational, systemic, sectoral and macroeconomic levels. Then, considering the field as a whole, the article points to the existence of important neglected topics and methodological challenges for future research. In fact, several fundamental issues are still unexplored, such as the co-evolution between technological and institutional change; the role of demand; and the impacts of innovation on individual and collective welfare. There are also important methodological challenges, such as the need for more systematic interactions between the different levels of analysis; the importance of an interdisciplinary approach to the study of technological and institutional changes; and the search for a combination of contingent explanations based on case studies with general analytical results based on econometric and formal models. 
A few decades ago, before evolutionary theories of the innovative firm started to be developed, the common approach to the study of innovation was the so-called 'linear model'.
According to it, the linear sequence originates with an invention that most often comes out of universities or industrial R&D departments. Thereafter, the innovative idea is developed into a working artifact. Finally the artifact is matched with users' requirements and placed commercially on the market. Several researchers have later criticized the linear model of innovation (more recently: Gittelman and Kogut, 2001; Ruttan, 2001; Pavitt, 2004) . They have argued that innovation is a 'nonlinear cycle of divergent and convergent activities that may repeat over time and at different organizational levels if resources are obtained to renew the cycle' ( Van de Ven et alia, 1999, p. 16) . The unpredictable nature of innovation is due to the conditions of strong uncertainty in which it occurs, given the unfeasibility of accurately predicting the cost and value of a new product, or the users' demand. Moreover, the innovative process involves the exploration and exploitation of opportunities (March, 1991) , that can be based either on an advance in technical practice, on a change in market demand, or on a combination of the two (Mowery and Rosenberg, 1979) .
The characteristics of the innovative process described above are made more complex by some important recent trends: (i) the increasing specialization in knowledge production;
(ii) the increasing complexity in the physical artifacts, and in the knowledge base underpinning them; (iii) the continuous matching of technological opportunities with market needs and organizational practices (Pavitt, 2004) . On the whole, two central features of the innovative process have been stressed in the more recent literature: first, that the innovative process involves the co-ordination and integration of specialized knowledge, and, second, that it requires learning in conditions of uncertainty.
Given the difficulties and complexities associated with the innovative process, great demands are placed on the innovative firm. In order to manage this inherent uncertainty the innovative firm must continuously engage in activities of strategizing, financing, and organizing. Furthermore, by definition innovation requires learning about how to transform technologies and how to access markets in order to achieve higher quality and lower production costs. Learning is a social activity that renders the innovative process uncertain, cumulative, and collective (Lazonick, 2004) .
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Organizational forms and networks of innovators
The firm can also be innovative with respect to its organizational structure. In this regard, competitive advantage can be achieved by changing the skill base of the firm with respect to both function and hierarchical integration. Many studies have shown that crossfunction collaboration positively contributes to innovation (Tsai and Ghoshal, 1998) . This suggests the existence of important interactions between the organizational structure and the firm's innovative capability. Other studies emphasize the need for a correspondence between organizational structure and contextual factors in order to maximize the innovative output (Galbraith, 1974; Lawrence and Lorsch, 1967) . Mintzberg (1980) points to five dominant organizational configurations: simple structure, machine bureaucracy, professional bureaucracy, divisionalized form, and adhocracy. Bureaucracies tend to dominate in stable environments, whereas adhocracies tend to dominate in fast changing environments. The characteristics of the five organizational configurations are depicted in table 1. The organizational forms tend to vary in their innovative ability: the very rigid structure of the machine bureaucracy makes it unlikely to innovate, whereas the adhocracy's more flexible structure makes it more innovative (Lam, 2004) . Recently, adhocracies have more frequently emerged, due to the increased velocity of change of the environment, and to the greater need for firms to be innovative.
and Kogut, 1994; Stuart, 2000) . It has been shown that innovative firms become more prone to cooperate, and thus tend to take a more central place within the alliance network. At the same time, firms that are centrally placed within an alliance network tend to be more innovative. This suggests a positive feedback loop, where innovative firms constantly become more centrally placed within the alliance network, and thus more innovative (Powell and Grodal, 2004) .
One of the reasons collaborative activities have a positive impact on innovation is the exchange of knowledge between the involved partners. The literature within the area has emphasized two different underlying mechanisms: the transfer of information between firms, and a division of the innovative labor. It is proposed that there is an inverted U-shaped relationship between the level of knowledge codification in the exchange between partnering firms and the innovative output (figure 1 bellow). This is due to tacit knowledge being rather difficult to transfer and implement and simultaneously, the benefits of this transfer being very uncertain. In contrast, when knowledge is highly codified the value of the information is low, so even though the cost of transfer is inexpensive the benefits are small (Powell & Grodal, 2004 ).
On the whole, theories of innovation at the organizational level have recently experienced significant advances. Scholars of innovation now agree that the innovative behavior of firms must be characterized by some basic common characteristics: co-ordination and integration of specialized knowledge, learning in conditions of uncertainty, innovative strategies, good match between organizational structure and environmental factors, and interorganizational collaborative activities.
Moreover, evolutionary scholars tend to agree that studying innovation from a strictly economic point of view will hardly be successful in explaining the determinants of technological change at the organizational level. A broader interdisciplinary perspective is necessary. Rather than considering only economic factors, an account of firms' innovative behavior needs to explain the formation and change of firms' routines, objectives and Japanese economy was growing at an extraordinarily rapid rate, the newly industrialized economies (NIEs) of East Asia were emerging as key players in the global economy, at the same time as the previously leading economies of US and Europe were experiencing severe stagnation. These trends received great attention both in academic and policy-making circles, and constituted the backdrop for the IS approach, which was developed as an attempt to understand, measure and compare the dynamics involved in the changing configuration of the
Knowledge codification
Innovative output
When knowledge is very tacit, the difficulty of transfer and implementation is high, and the payoffs are uncertain and costly.
When knowledge is highly codified, the value of the information is low; thus, while transfer is inexpensive, the gains are small.
There is a medium range of knowledge codification where the value of the innovative output exceeds the costs of knowledge transfer and recombination. This domain includes information that has important elements of novelty but there are not significant barriers to transfer.
The value of the innovative output exceeds the costs of transfer and application.
Figure 1: Knowledge codification and innovation
Source: adapted from Powell and Grodal (2004) (Freeman, 1987 , Nelson, 1993 . Two different IS traditions became crystallized, both of which were mainly concerned with making analysis at the level of the nation state. 5 The two approaches, which we may label as the 'historical-empirical' and the 'interactive learning-based' approach respectively (see table 2), differ in many respects,
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most predominantly in what is included into the definition of the innovation system, and what purpose the concept of innovation system is used for. 'The broad definition…includes all parts and aspects of the economic structure and the institutional set-up affecting learning as well as searching and exploring -the production system, the marketing system and the system of finance present themselves as subsystems in which learning takes place.'
Rationale
Focusing device for policy making by widening the scope of economic agents active in economic processes
Inform economics and innovation policy making by understanding innovation processes in terms of interactive learning
Role of IS
Draw attention to the importance of formalized institutions and path-dependency for economic change Draw attention to relations and interaction as knowledge creation processes that explain socioeconomic change
Conceptual focus
Mainly on formal institutions in the economy, like public institutions and business firms
Mainly on the systems themselves as a combination of relations between economic agents where knowledge is transmitted.
Level of aggregation
Main focus on the national level of the economy National, regional, local and sectoral levels of the economy
Concept application
Historical analysis of economic evolution of nations and evaluation of policy instruments To develop innovation policy based on a deeper understanding of innovation processes
Future development
Current IS concept serves its purpose, and a theory of IS is neither possible nor required Striving to accomplish a theoretical foundation, to serve as an instrument of basic economic analysis (achieve predictability)
The historical-empirical approach
In the historical-empirical approach, the idea of a national innovation system (NIS) was developed as a guiding concept for empirical research on how institutional and production structures affect economic performances in firms and industries in different national contexts (Freeman, 1987; Nelson, 1993 
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emphasis is put on the historical evolution of national institutions, as these are understood to result from historical socio-economic behaviors and practices. Consequently, national institutions represent a medium through which the current options that firms and policy makers are confronted with are affected by previous economic agents' choices and actions.
Hence, the historical-empirical approach emphasizes path-dependence as a key concept to investigate national differences in innovative capabilities and economic performances. This emerges, for instance, from the comparative study by Mowery and Nelson (1999) , who presented a historical description of the development of seven industries in Japan, US and Europe during the twentieth century. The dominance of the US and Japan industrial leadership in specific sectors is explained by the strength of the national institutional framework in supporting the evolution of new industries. Among the institutions at the national level, universities enjoy a special position as principal providers of new knowledge and technology to society, through their contribution of both basic research and educated labor. This dual function of universities has determined technology and innovation policy to be increasingly oriented towards stimulating cooperation between universities and
industry. An example of this is the US Bayh-Dole act of 1980, which was introduced to encourage this kind of interaction by making it easier for universities to patent new knowledge .
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The relative strength of the historical-empirical approach derives from its focus on the institutional set up as a key determinant of innovative activity in the economy. From an empirical point of view, this aspect adds operationalization, as it provides ways of measuring and comparing various aspects of different economies through selected indicators of national innovative activities. Although the approach is based on the insights of recent evolutionary 'appreciative' studies, no real effort is put into making it a more analytically rigorous theory.
Hence, the main function of the innovation system in the historical-empirical approach is to serve as a benchmarking tool for empirical analysis of innovation processes in existing national socio-economic systems.
The interactive learning-based approach
The second tradition, the 'Aalborg school'-'interactive learning-based' NIS approach, conceives innovation systems somewhat differently, as the main purpose is to give the NIS a more precise conceptual and theoretical foundation. 7 The Aalborg school aimed at accomplishing this objective by combining theories of national production systems of the French structuralists with the Anglo-Saxon tradition of innovation studies. 8 Thus, the scholars advocating the interactive learning-based IS approach addressed the idea of national innovation systems at a more abstract level, by focusing primarily on the role of knowledge, learning and institutions in innovation processes (Lundvall, 1992; Lundvall and Johnson, 1994; Edquist, 1997) . The Aalborg school started out from two basic assumptions: (i) knowledge is the most fundamental resource in the modern economy, making learning the most important process; (ii) learning is interactive -i.e. a social process (Lundvall, 1992, p. 1 Lundvall in his empirical study of user-producer relationships in the Danish economy (Lundvall, 1985) . Porter (1990) too pointed out the importance of interactions between business firms and their environment, and he identified industrial clustering as the most important way for achieving competitive advantage on a national scale.
Within the field of economic geography, the 'regional innovation systems' approach (RIS) (Cooke, 1992) resembles much the ideas of the Aalborg school. In addition, drawing on a well established tradition of agglomeration studies, 9 the key explanatory factor here is learning that occurs in the local industrial environment of firms -localized learning. RIS scholars argue that due to the local embeddedness of economically relevant knowledge, geographical clustering of economic activity promotes localized learning, which in the long run tends to drive the endogenous growth of regions (Morgan, 1997; Maskell and Malmberg, 1999) . The importance of the local environment becomes more evident in the current 'postfordist' learning economies, 10 dominated by economic globalization and 'placeless' ICTtechnologies, in which the economic behavior of firms and industries continues to be strongly embedded in the local environment (Amin and Thrift, 1994; Gertler et al., 2000) .
Challenges for future research on systems of innovation
On the whole, it appears that the interactive learning-based approach is farther from fulfilling it's proponents ambitions than the historical-empirical IS approach, which is already operative as a benchmarking tool for economic and policy analysis. The main challenge ahead for the latter approach is to refine the IS into an even more advanced benchmarking tool. This could be achieved through the development of increasingly sophisticated data and indicators.
These are necessary in order to produce more detailed accounts of innovative activity within specific NIS, and to carry out more advanced international and cross-sectoral comparisons.
As regards the interactive learning-based approach, Edquist (2004) argues that since the raison d'être of the IS conceptual framework depends on its stronger theoretical orientation, future research that endeavors to expand innovation systems ideas must revisit the 'general system theory' at a more profound level. In this respect, IS studies have so far concentrated the attention on the role of (i) system components, and (ii) relations among them. However, according to general system analysis, there are other important issues that need to be considered. Among these: (iii) the system must constitute a coherent whole, i.e.
there must be some activities that the system or the system components perform that make them part of the system. Additionally, the system must also serve a function, so that (iv) there must be a reason why the system exists, a function that it needs to perform. Due to the failure of previous approaches to address the two last points in a systematic manner, Edquist (2004) argues that further research in the field must concentrate on the system level by making broad analysis of activities and functions of innovation systems. The latter seems to be the trend that is prevailing at the moment. A fifth lesson from general systems theory is that (v) 
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Globalization and innovation systems
In the identification of spatial boundaries of systems of innovation, therefore, another important challenge ahead is to take into account the all-increasing phenomenon of socioeconomic globalization. This requires the study of how processes of globalization interact with and shape the local (national and regional) systems, and how globalization affects learning processes locally. Asheim and Gertler (2004) identify five main processes that come with globalization that challenge localized learning and endogenous growth of regions, and that need to be dealt with by the IS theories. First, the transition in production from carrying out all steps of the value chain within the region towards global outsourcing for cost reasons may disturb the internal environment of the regions, as local skills and knowledge are rendered superfluous. 'Learning regions' need to adapt to these changes, and to diversify the activities towards other areas of economic activity. Secondly, recent research has shown that regional innovation systems are not sufficiently competitive on their own in the global context and must link up with national or supranational systems to remain so. To capture and understand this process, the IS approach must aim at a multi-level analysis of the situation which may require new perspectives and frameworks. Thirdly, increased globalization and knowledge codification have led to a greater availability of knowledge, which has acted to weaken the competitiveness of some regions. If this is true, there is an increased pressure on high-cost regions to innovate in the attempt to remain competitive. Four, localized learning may be challenged by the increased tendency in some industries to organize work through temporary organizations and projects. This may lead to a fragmentation of the knowledge base, which would arguably threaten localized learning and endogenous growth. Finally, there might also be a problem for the regional economic environment, in that when some firms are being acquired by multinational enterprises (MNEs), their knowledge base is being incorporated into the MNE, which in some cases might hollow out the regional knowledge base. However, this tendency may be countered if MNEs are more careful about embedding their knowledge enhancing activities in the socio-economic structure of the region. There is some evidence that this is becoming more common, although the propensity to internationalize R&D activity by MNEs is generally characterized by some inertia (Narula and Zanfei, 2004) . 
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HOW INNOVATION DIFFERS ACROSS SECTORS
The phase of persistent and accelerated technical change and economic development that took off with the first industrial revolution has often been associated with highly visible technologies in particular core sectors of the economy (Freeman and Louçã, 2001) . Following this view, which takes inspiration from Schumpeter's book Business Cycles (1939), neoSchumpeterian researchers stress the importance of innovation and diffusion in a few leading and fast growing sectors in pushing the growth of the whole economy. In this framework, technological change is mainly 'radical', and it is the main source of economic growth (Freeman et alia, 1982; Freeman and Perez, 1983) .
A slightly different perspective is taken by other economic historians, which point to the wideness and variety of technological transformations even outside of core and leading sectors. For example, evidence shows that the development of capital goods for the textiles and transportation industries accelerated in the second half of the eighteenth century, but this
should not obscure the fact that innovation was also taking place in a wider spectrum of other sectors. At the same time as the critical innovations of steam engines, cotton spinning machines and metalworking tools were being implemented, small-scale ingenuity was mobilizing in and around sectors producing unglamorous consumption goods.
On retrospect, patenting behavior and contemporary impressions indicate noticeable improvements in the quality of equipment used by agriculture, brewing, luxury and everyday goods (Bruland and Moewry, 2004) . According to this account, innovation seems to have accelerated on an economy wide-basis with the first technological revolution, and it was not confined just to a few key sectors forging ahead and driving the whole economy. This 'gradualist' historical perspective (as opposed to the more 'saltationist' and 'disruptive' view adopted by neo-Schumpeterian scholars) emphasizes the persistent stream of minor and continuous changes that occur in a variety of activities as time goes by.
The recognition of the wide spread of technical creativity across different economic activities can enrich our understanding of innovation. This section focuses on those sectoral patterns of innovation which are traditionally underplayed when scholars look out for the most conspicuous sources of structural change and economic growth. Indeed, and for wide and increasing arrays of industries and territories.
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Innovation in 'low-tech' industries
In the last few decades of the twentieth century, the emergence of radically new technologies like the microchip, software, bioengineering and nanotechnology led to a new emphasis of innovation research on the importance of ICTs, pharmaceuticals and other hightech industries. 11 This has led to a relative lack of attention to changing patterns in traditional sectors and to a 'high-tech bias' in innovation studies (Lundvall and Borrás, 2004 ).
More than a contradiction in terms, innovation in low-tech industries is an indication that terminology and definitions are problematic issues that should be taken into deeper account in future research. Not only is it difficult to define exactly what an industry is, it is also difficult to formulate unambiguous and clear statements on the relative technological dynamism of productive sectors within each national economy. In reality, innovation happens everywhere, so that there is no such thing as purely low-tech industries. There is evidence of a wide-ranging reorganization in corporate technological portfolios that is affecting large manufacturing firms in all sectors: cutting-edge knowledge about ICT, new materials and drugs & bioengineering are increasingly becoming important for companies that are not specialized in serving those products in the market (Mendonça, 2003) . 'New wine is pouring from old sectors', in the sense that established companies of traditional industries are becoming more dependent on the new technologies produced in 'high-tech' industries.
Therefore, diffusion of new technologies and innovative activities are not passive processes.
This might become truer than ever as the so-called 'knowledge society' develops. Changes occurring within traditional sectors are likely to be of great importance for middle-income economies that try to catch up with more technologically advanced countries.
For instance, today it is not prudent to state that low-tech sectors such as shoemaking and winemaking cannot be considered as 'knowledge intensive' ones. In a country like Portugal, for example, the traditional low-tech footwear industry went through a substantial technological upgrading in the 1990s connected to a creative use of micro-electronics, and managed to expand in spite of raising relative labor costs (Godinho, 2000) . Biotechnology is an old body of knowledge that underwent a sequence of radical developments since its (Wang and von Tunzelmann, 2000) , the changing nature of demand and market competition leads to innovations in internal organization and relational capabilities in order to cope with an increasingly turbulent and fast changing environment. It is possible to conceive that the sophistication of markets and the importance of differentiation provoked a shift from static economies of scale, obtained by producing mass quantities of production, to dynamic economies of scale and scope, characterized by learning how to produce improved and new products in real time. The shift towards the 'knowledge-based economy' in a context of increasing globalization accentuated the pressure for changing the methods of production.
Innovation in services
A way in which manufacturing companies have responded to the increasing complexity of demand has been to add after-sales services to their goods, i.e. to augment the service component of their end product. This means that manufacturing companies are following marketing strategies that complement their tangible products with an intangible component having the key characteristics of the archetypal service: intangibility (broadening the focus on material production of tangible artifacts), interactivity (client interaction in design, delivery, co-production, consumption and aftersales assistance), and information intensity (Miles, 2004) . Conversely, a feature that has marked evolution of services in the latest part of the twentieth century has been a drive for standardization, so typical of manufacturing but so hard to implement in service production, and currently valued by many costumers worldwide.
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Now, this opens the Pandora's box as regards to industry classifications, since one of the most accepted distinctions is the one between manufacturing and service branches. Many manufacturing firms are outsourcing functions traditionally carried out internally, so that the output of service firms is accounted for in the service sector. So, when confronted with the growth of the service sector, some researchers would argue that this dynamism is a consequence of the fact that manufacturing is increasingly outsourcing services. These two recent trends create uncertainty in the statistics, and might raise the question as to whether or not convergence is actually occurring (Miles, 2004) . This problem could be lessened with more detailed statistics for services. However, the production of data for the service sector remains scarce, and when statistics exist they are based on categories previously developed for physical products industries.
The problem of measurement in services becomes even more challenging when the task is to capture and to understand the patterns of innovation. Not only there are difficulties
in properly defining what services are, these difficulties become harder when the objective is to detect novelties and quality changes in services. The borderlines between technological and organizational innovation, and between product and process innovation become especially blurred in this case. The typical innovative service firm tends to spend less in R&D than an innovative manufacturing firm. This, however, is insufficient to conclude that the changes occurring in services are less dynamic, because spending on training and marketing is not included in conventional statistics. There might be some current changes in services due to the development of some technologies that can be used widely, namely ICTs. For instance, finance and distribution are two industries usually pointed out as pioneers and creative users of ICTs.
In summary, the very existence of innovation complicates its study immensely as it muddles the establishment of industry classifications and taxonomies of innovation that prove reliable and robust to the passing of time. 
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Studying sectoral differences
Thus, it is hard to define and distinguish unambiguously between low-tech industries, high-tech industries, manufacturing and services. There are always areas of overlapping and rapid changes in the boundaries of sectors over time. In the absence of a universal and permanent classification, the study of innovation has often to rely on the analysis of concrete experiences, a blend of description and analysis that has been defined by Nelson and Winter (1982) as 'appreciative mode of theorizing'.
The relevant question then is how to distinguish and compare innovative patterns of diverse economic activities and industries. Answering this question requires a theoretical framework able to illuminate key stylized facts and to allow for comparative analysis. There are, however, serious constraints in understanding how and why innovation is pervasive but diverse among different sectors. Difficulties arise in performing reliable comparisons of such differences as well as integrating research data, case studies and conditional generalizations emerging from the applied work.
The same problem applies for the recent class of 'history-friendly models' (Malerba et alia, 1999) . While it is certainly interesting to build up a formal evolutionary model to reconstruct the historical evolution of a particular sector, the analytical and empirical results obtained in a specific case can hardly be generalized to other sectors and countries. Indeed, this shows that the study of innovation at the meso level still lacks a clear conceptual and theoretical framework to produce useful generalizations starting from the observed stylized facts.
The 'sectoral systems of innovation' approach (Breschi and Malerba, 1997; Malerba, 2002 and ) is a recent attempt to give a more solid foundation to industrial comparative analysis. This approach highlights three key dimensions of the co-evolutionary process driving innovation at the sectoral level. The first is a set of sector-specific characteristics defining its 'technological regime', such as the knowledge base, the appropriability and cumulativeness conditions, and the technological opportunities in each sector. The sectoral perspective also complements and challenges the 'national systems' perspective both downwards and upwards. On one hand, it is clear that sectoral systems transcend national borders, so that these can be seen as international technological and institutional systems. On the other hand, one could expect that different sectoral systems would somehow connect within national or regional boundaries. While these patterns have not been fully explained yet, the insights of the sectoral systems approach are sufficiently compelling so as to advocate the need for linking different policy levels that affect innovative activity and outcomes in different branches of the economy.
THE IMPACTS OF INNOVATION AT THE MACROECONOMIC LEVEL
The paper has so far focused on the micro, systemic and meso levels of analysis. What are the impacts of innovation in terms of macroeconomic growth? How do innovation studies explain the persistent differences in rates and levels of economic growth and employment between different countries? This section considers these questions by presenting some of the main recent advances and future challenges in the huge literature on macroeconomic growth, catching up, and employment.
Taking into account the criticism to the neoclassical theory of growth (Solow, 1956 ), the 'new growth theory' (Romer, 1986 and Grossman and Helpman, 1991; Aghion and Howitt, 1992 ) made a great deal in improving the old perspective by building up more realistic models of innovation-driven endogenous growth. In all of these models, technical change is seen as the outcome of deliberate efforts by profit-maximizing firms, and macroeconomic growth is thus mainly the result of the resources devoted to R&D activities and of the degree of appropriability of the innovative rents. 
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However, from the point of view of most scholars of innovation, new growth models do not represent in a realistic way the evolution of an economic world characterized by complex evolving knowledge, bounded rational agents and radical uncertainty (Verspagen, 2004) . What is necessary for a deeper understanding of the impacts of innovation on macroeconomic growth is a neo-Schumpeterian (or evolutionary) approach (Dosi, 1982; Freeman et alia, 1982; Nelson and Winter, 1982) .
The Neo-Schumpeterian approach
In this alternative theoretical approach to the study of the macroeconomic level, the focus of the research is on the discontinuities and disequilibriating effects brought by clustering of radical innovations, which may be so strong and so pervasive to diffuse to the whole economy and sustain economic growth for a long period of time (Verspagen, 2004) .
The neo-Schumpeterian approach to economic growth takes great inspiration from The neo-Schumpeterian literature started with the publication of the book (Freeman, Clark and Soete, 1982) , and was then followed by the works by Freeman (1983 Freeman ( , 1984 Freeman ( and 1987 , Perez (1983 and , and more recently Freeman and Louçã (2001) . It provides a number of interesting concepts and ideas to describe macroeconomic growth as an ever-changing disequilibrium process. This view, therefore, is strictly interrelated and complementary to the evolutionary-systemic perspective that has been outlined in the previous sections for the micro and meso levels of analysis, As Perez (1983) points out, in Schumpeter's theory the social conditions and institutional framework are excluded from the causation mechanism that drives the rise and fall of long waves, and this is the reason why she states that 'Schumpeter does lay the foundations for a theory of the cyclical nature of the capitalist economy but not of long waves' (Perez, 1983, p. 359) . Starting from these considerations, neo-Schumpeterian authors see the capitalist system as formed by two related sub-systems: the 'techno-economic' and the 'socio-institutional'. It is the joint evolution of these sub-systems to determine the 'mode of development', and consequently the rise and fall of long waves.
Unemployment and Technical Innovation
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According to this view, it is not important when a set of basic innovations is
introduced, but rather that these radical innovations are strictly interrelated and pervasive, that is they may be applied in many fast growing sectors in the economy. Such a family of interrelated basic innovations may be called 'technological system' (Freeman et alia, 1982) , or 'technological paradigm' (Dosi, 1982) , or 'technological style' (Perez, 1983) . When a new technological style arises, there is a big impulse in the techno-economic sub-system to adopt the new best practice technology with high profit prospects. However, the techno-economic system tends to be more ready to accept and adopt changes, while the socio-institutional one may take some time before making the changes required by the new technological style. This mismatch between the two subsystems may retard the large scale introduction of the new paradigm, just because some social, organizational and institutional changes are necessary before it can diffuse to the whole economy. As the socio-institutional system evolves, the 'harmonic complementarity' between the two systems is restored, and a new 'mode of development' sets in. This determines a long wave pattern very similar to the business cycle described by Schumpeter (1939) : rapid diffusion of the new paradigm, incremental innovation over its 'natural trajectory' (Nelson and Winter, 1977) , upswing and prosperity, creative destruction, increased competition and market saturation, decline of profits, recession and depression.
Evolutionary scholars (Silverberg and Lehnert, 1994; Silverberg and Verspagen, 1994a; 1994b; have recently started to build up 'formal' models with the aim of reproducing some of the insights of the 'appreciative' neo-Schumpeterian theory. In the attempt to formalize neo-Schumpeterian long wave patterns, two are the main challenges for future research. First, it is necessary to further investigate the microeconomic process that can 
ADVANCES AND CHALLENGES IN INNOVATION STUDIES
Why do growth rates differ?
A complementary stream of the literature considers in further details why the macroeconomic impacts of innovation are often uneven between different countries (Fagerberg and Godinho, 2004) . Economic historians have long ago observed that many follower countries have been able to grow faster than the more advanced countries (what is usually referred to as 'catching-up') by imitating and using the technologies developed in more advanced countries. In historical perspective, the international diffusion of knowledge and technologies has been an important source of rapid economic growth for many follower countries. However, such catching-up process is not at all a necessary and natural result of industrialization, and since the Industrial Revolution many countries have not been able to grow faster than the leaders (i.e., they have been 'falling behind'). On the whole, then, innovation studies consider of fundamental importance to explain why the impacts of innovation have often been so uneven among different countries. The lessons from the last two centuries of economic history may have a tremendous importance for understanding the patterns that we observe today.
Originating from some historically oriented studies on the experience of catching up and overtaking of some advanced countries in the last two centuries (Veblen, 1915; Gerschenkron, 1962; Habakkuk, 1962; Landes, 1969; Abramovitz, 1986 , Freeman, 1987 , Odagiri, 1997 (Fagerberg, 1987 and Dosi, Pavitt and Soete, 1990) were then interpreted as an indication that international trade and economic growth follow disequilibrium and discontinuous paths, whose main determinants are the creation and diffusion of technologically advanced processes and products (Cantwell, 2004) .
As developed by Cornwall (1977) , Abramovitz (1986 and , Fagerberg (1987 Fagerberg ( , 1988 Fagerberg ( and 1994 and Verspagen (1991) , the main idea of the technology-gap approach is that innovation and international diffusion of new technologies are the main sources of differential growth between countries. Follower countries have a 'technology-gap' or 'technological distance' from the leader country, and they can therefore exploit their backward position to imitate and use advanced technologies developed by the leader, instead of creating them.
However, the process of imitation and diffusion of new technologies is costly, it requires the existence of social and institutional capabilities that not all of the follower countries have. This explains why catching up and convergence are not automatic and common outcomes, but rather uncertain and uncommon ones. In particular, Abramovitz (1994) has pointed out that countries differ with regard to their 'technological congruence'
and their 'social capability'. Such techno-economic and socio-institutional factors differ between countries in each technological paradigm, and these structural differences explain why some countries manage to successfully catch up with the technological leader, while some others fall behind in the long run.
The main result in this mainly applied and empirically oriented literature is therefore that 'convergence' towards the same level of GDP per capita is not at all an automatic and necessary consequence of the process of technological development. Countries' capabilities to create and imitate new technologies differ in terms of structural and institutional characteristics, and these national factors are often hard to change over time, so that falling behind and stagnation in the long run is a common possibility that must be seriously taken into account.
Recently, other evolutionary scholars have started to address the old question as to 'why growth rates differ' between countries in the long run (Chiaromonte and Dosi, 1993; Dosi et alia, 1994) . The purpose of these recent works is to build up evolutionary microfounded models able to reproduce some of the macro stylized facts on catching up and falling behind, convergence and divergence, so to bridge the gap with the appreciative technology-gap studies. Trying to give evolutionary microfoundations and more 
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Innovation and employment
What are the implications of these evolutionary theories of innovation and growth for the understanding of the employment performance of different countries? Unemployment is currently an important concern for policy makers in many middle-income and more advanced countries. In the last two decades, in fact, the traditional idea that macroeconomic growth necessarily implies positive employment performance has been challenged by recent trends.
Many countries, especially in Europe, have associated high rates of economic growth with high and persisting levels of unemployment.
In innovation studies, this phenomenon of 'jobless growth' has been analyzed in terms of the complex relationships between technology, growth and employment (Pianta, 2004) .
According to this view, the obvious starting point is that technological change has an immediate negative effect on the demand for labor, because firms need to employ less workers to produce the same amount of output. However, there exist important indirect forces, which tend to compensate this initial displacement of labor resources. Thus, 'technological unemployment' occurs if the displacement of labor caused by the introduction of an innovation (new technologies in the production process, or new products brought to the market) is not fully compensated in the long run by market forces, the so called 'compensation mechanisms' (Vivarelli, 1995; Pianta and Vivarelli, 1999) . innovation is better the higher the pace of introduction of new products, the investments in new markets, and the decrease of prices which lead to higher consumption and demand (Pianta, 2004) . The relationship between technological development and jobs creation, however, is not necessarily positive, as commonly assumed by neoclassical labor economists.
'Technological unemployment' appears to be a rather frequent outcome, as it has been the case for many European countries in the last two decades.
In order to study the functioning of compensation mechanisms, two important qualifications are often made by evolutionary scholars. First, innovation is a complex and differentiated process, and its employment impacts can only be analyzed by clearly distinguishing between product and process innovations, and between technological and organizational changes. Product and process innovations, in particular, tend to have diverging effects on the patterns of labor creation, and traditional measures of innovative activity, such as R&D and patents indicators, are not able to take these effects into account. Recently, the increasing availability of data based on innovation surveys (such as the Community Innovation Surveys in Europe) appears as a promising step in the direction of drawing a more precise picture of the employment impacts of innovative activities carried out by private firms.
Second, it is often stressed in the literature that the analysis of the relationships between innovation and employment cannot be done on a priori ground, but has to consider the role jointly played by a set of structural and institutional factors in a long term perspective. These national-specific factors include the institutions on the labor market, the organization and strategies of firms, their innovative capabilities, the national systems of innovation, the international regime, the State intervention at the industrial and macroeconomic level, and the dynamics of aggregate demand. These factors persistently differ between countries, and they strongly affect the interaction between the dynamics of aggregate production and productivity, thus determining the effectiveness of such compensation mechanisms and the consequent trends of employment. In other words, compensation mechanisms are just the final outcome of a complex process of interaction between the dynamics of demand and the dynamics of technical change over time. Only a good match between the patterns of aggregate demand, the creation of new products and processes, and various national institutions may ensure a sustained period of economic growth and positive performance of aggregate employment. 
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On the whole, although technological unemployment is currently an important concern for policy makers in many industrialized countries, the unemployment issue has so far been investigated only by a relatively small number of innovation scholars. This is especially true when the literature on innovation and employment is compared with the other research traditions discussed so far, where the economic impacts of innovation have almost exclusively been analyzed in terms of productivity and GDP per capita growth. The rapid development of evolutionary theories of economic growth, in fact, has not been accompanied by equally rapid advances of evolutionary theories of employment. The key concepts of the evolutionary economic approach (heterogeneity and systemic interactions, selection and competition, radical and incremental innovations, technological paradigms and trajectories, long waves and catching-up) have seldom been used to investigate employment trends. The main challenge ahead is then to search for a more systematic application of evolutionary theories and concepts to the domain of labor economics, and for a stronger cross-fertilization between evolutionary studies of long run growth, catching up and technological unemployment.
CHALLENGES AND PERSPECTIVES
The previous sections have outlined recent advances and future challenges in four branches of innovation studies. The paper has so far discussed separately the developments and perspectives of the research at different levels of analysis. The present section takes a broader perspective by pointing to the main theoretical and methodological challenges common to the whole field.
Topics for future research
(i) 'Co-evolutionary' change: scholars of innovation increasingly argue that technological change cannot be properly understood without studying the supporting institutions and their evolution over time. This is an important point stressed by evolutionary studies at all levels of analysis previously considered, the innovative firm, innovation However, the 'co-evolution' between technological and institutional changes (Dosi and Winter, 2000) is often mentioned but not systematically analyzed yet. Why? As Nelson puts it:
'Undoubtedly part of the problem reflects the still primitive state of our ability to work with cultural evolutionary theories. In this particular case I am sure it also stems from an overly broad and vague concept of the variable in question -institutions-which is defined so as to cover an extraordinarily diverse set of things. Before we make more headway in understanding how 'institutions' evolve we may have to unpack and drastically disaggregate the concept. But our difficulty also may signal the limits of the power of economics or social science theory more generally to comprehend a set of processes as complex as those behind economic growth as we have known it' (Nelson, 1995, p. 83-84) .
This is the prevailing point of view among evolutionary scholars of technological innovation. However, another important strand of evolutionary research, mostly inspired by
Veblen and other old American institutionalists, gives a more prominent role to the study of institutional change. 15 The links between the two approaches, evolutionary studies of technological and of institutional change, have not systematically been explored yet. A closer connection between the two could in the future improve our understanding of the complex mechanisms behind the co-evolution between technological and institutional changes.
In this respect, innovation studies must be based on the fact that institutional inertia and institutional changes are both coexisting aspects of the interactions of economic agents.
Not only do institutions constitute the given structure that supports and bounds economic actors' innovative behavior, they are in turn a product of agents' creativity and interactions.
In the same way as organizational 'routines' are the basic unit of analysis to study technological changes, Hodgson (1998) suggests that individuals' 'habits of thought' may constitute the adequate unit of analysis in order to investigate institutional transformations.
The challenge ahead is therefore to explore why institutional rigidities tend to prevail over change in some historical and geographical situations, while rapid institutional transformations overcome inertia in others. In this respect, it is clear that the development of a co-evolutionary theory of technological and institutional change will only be possible through a closer interaction with other research fields outside the economic domain, shows rapid advances in the theory of the innovative firm, but less systematic attempts to build up a theory of the 'innovative consumer', which in the future will necessarily have to complement the supply-side studies of innovation.
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The same is true in other branches of innovation studies. In the systems of innovation framework, the interactions between producers and users of new technologies are fundamental, so that the systemic approach will necessarily have to consider in greater details the role of users and consumers. Demand is also important to study the impacts of innovation at the sectoral and aggregate levels, in terms of sectoral patterns (Malerba, 2004) , macroeconomic growth (Verspagen, 2004), catching-up (Fagerberg and Godinho, 2004) , and employment (Pianta, 2004) . The investigation of demand and consumers' behavior, on the whole, appears as a very challenging issue for future research on innovation.
(iii) Welfare and development issues: innovation studies have so far neglected important ethical aspects of individual and collective welfare. In fact, while it is widely accepted that a good innovative performance is the primary factor to reach higher economic growth and material welfare, less often it is considered that technological, organizational and institutional changes may sometimes have perverse and negative impacts.
In (Hodgson, 1993 and . A non-reductionist theory is one in which economic change is explained by the co-evolutionary process of transformation at different levels of analysis, such as individuals, firms, systems, sectors, and countries. No unit of analysis must be predominant on the others, and this has a twofold implication. On the one hand, it is important to investigate the microfounded evolutionary process that generates given sectoral and macroeconomic patterns; this seems to be the current trend in recent evolutionary models, as previously outlined in the third and fourth sections. On the other, it is fundamental to specify how individuals' habits of thought and organizational routines, in turn, are shaped and affected by the sectoral and aggregate economic and socio-institutional structures. So far, the micro → macro causation mechanism has certainly been investigated much more than the macro → micro one. The whole field of innovation studies would greatly benefit from using multiple levels of analysis, and from systematically exploring their interactions and connections.
(ii) Interdisciplinarity: the co-evolutionary analysis of technological and institutional changes cannot be done in terms of purely economic incentives, opportunities and constraints. In an appraisal of the recent developments of evolutionary economics, Nelson and Winter (2002, p.42) Compared to mainstream economic analyses of innovation, interdisciplinarity is certainly an important methodological novelty of evolutionary studies. Here again, however, the methodological novelty is increasingly mentioned by innovation scholars, but not
systematically applied yet in their works. Therefore, the interactions and collaborations between economists of innovation with researchers in other disciplines in social sciences should in the future be even stronger than it has been the case so far. There are two main reasons for this. 
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The generalization of the recent class of 'history-friendly models' (Malerba, Nelson, Orsenigo and Winter, 1999) could constitute a promising step in this direction. Historyfriendly models start with an accurate description and empirical study of the evolution of a particular sector (e.g. the computer industry), and then try to reproduce it through the use of an analytical model solved by computer simulations. The same methodology could in the future be extended to other sectors of the economy, and possibly be used to reproduce the evolution of aggregate trends in national economic growth in the long run for the main industrialized countries.
The advantage of this new class of models is the attempt to bridge the gap between qualitative case studies and analytical-econometric works. However, the risk is that it is difficult to compare models and outcomes obtained from different sectoral (or national) studies, so that history-friendly modelers should make a clear distinction between systematic and contingent factors which may explain particular historical trends (Silverberg and Verspagen, 2003) . In this respect, computer simulations are a flexible tool through which it is possible to do both things, to reproduce a given historical path, and to explore the effects of variations in the model's parameters on the observed trend. A systematic comparative analysis of sectors (countries) could be carried out by using history-friendly models for different sectors (countries), so that general analytical results could be compared to historical specific descriptions.
CONCLUDING REMARKS
This article discusses some of the main advances and challenges for future research in innovation studies. A convenient way to organize the discussion has been to consider the main contributions in the literature by dividing them according to their level of analysis. The first section has considered the theory of innovation at the organizational level, and it has pointed to the need that an evolutionary microeconomic theory of innovation develops in strict connection and closer interaction with other disciplines outside the economic domain, such as cognitive psychology, business and organizational studies. 
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The complexity of the innovative process at the organizational level calls for a systemic approach to the study of innovation, which has been presented in the second section.
Scholars in the NIS tradition need to face three main challenges ahead: (i) the development of more advanced data and indicators, in order to carry out more systematic cross-country empirical analyses; (ii) the search for a more precise analytical framework linking the economic actors to the socio-institutional structure; (iii) the identification of system boundaries in an era in which economic globalization makes national borders less relevant.
The complexity of the innovative process, moreover, makes the patterns and effects of innovative activity rather heterogeneous in different sectors of the economy. Thus, the third section has discussed the main current debates on 'how innovation differs' at the meso level.
The sectoral perspective points to important problems of definitions, boundaries and measurement, such as the distinction between high-tech and low tech-industries, and between manufacturing and services. However, such difficulties should not obscure the fact that important advances have been recently obtained, particularly through the study of 'sectoral systems' and 'history-friendly models'.
The next section has considered the impacts of innovation at the macroeconomic level.
In this field, the recent trend is to try to reproduce the main stylized facts on macroeconomic growth and catching-up as 'emergent properties' of microfounded evolutionary models. The purpose of such modeling exercises is to bridge the gap between the modern strand of evolutionary theorizing and other complementary perspectives, such as the 'appreciative' neoSchumpeterian theory of long waves, and the historically-oriented applied studies of technology-gap, catching-up and falling behind. The links between evolutionary theories and the literature on technological unemployment, on the other hand, have not been explored yet, and mark an important field for future research.
Finally, the fifth section has adopted a broader perspective by pointing to the main neglected topics and methodological challenges common to the whole field. At all levels of analysis important issues are still unexplored, such as the co-evolution of technological and institutional change, the role of demand, and the implications of innovation in terms of individual and collective welfare. There are also important methodological challenges ahead, such as the need for more interactions between the different levels of analysis; the importance of interdisciplinary analysis of technological and institutional changes; and the search for a combination of contingent explanations based on case studies with general analytical results based on econometric and formal models. economies. We refer here to the latter approach, which argues that in the current economy there has been a transition from unskilled fordist mass production to the skilled customized production of flexible specialization (Piore and Sabel, 1984) . 11 The recent technological and institutional developments in the telecommunications sector, in particular, have been extensively discussed (Miller, 1996; Mansell, 1997; Bauer, 1997) . 12 In this respect, two examples can carry the point through: Microsoft selling packaged software, a standardized intangible product, and McDonalds serving its customers using recognizable procedures in all markets, i.e. maintaining a standardized interaction process in the familiar environment of their restaurants.
13 O'hara (1994) and Tylecote (1994) discuss long wave theory from an institutionalist perspective.
14 Mazzoleni and Nelson (1998) discuss the advantages and problems related to the use of patents as an indicator of technological activities and capabilities.
15 For a critical review of the way in which American institutionalism deals with technological change, see Brinkman (1997) and Wisman and Smith (1999) . 16 An overview of the relationships between technological change and quality of employment can be found in Pianta (2004) . This work shows that the literature has so far discussed the impacts of technological and organizational changes in terms of skill bias and wage inequalities, and much less in terms of the changes of income distribution as a whole. 
